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Introduction
immediately sampled and processed before another region was opened. All incisions were 118 placed in such a way that RR contents would not spill out of the opening. First, the reticulum 119 was cut open at its cranial side, then the dorsal rumen close to its roof, then the ventral rumen 120 close to its floor, and finally the omasum along its lesser curvature. Sampling generally took 121 less than ten minutes. In order to gain material representative for any stratification, the sample 122 from the dorsal rumen was taken from the material directly underneath the organ wall facing 123 the investigator, and from the ventral rumen from material above the organ wall lying on the 124 ground. In the case of the omasum, the material between the omasal leaves was sampled. 125
First, a sample for DM and particle size determination was taken, either by hand or -if the 126 material contained separate liquid (which sometimes occurred in the reticulum and ventral 127 rumen), by allowing the material to drop out of the reticulum or ventral rumen by gently 128 massaging the outside of the organ. These samples were sealed watertight, and stored at -129 20°C until DM and wet sieving analysis. 130 Subsequently, the rumen was opened completely, the contents mixed, and, following the 131 method described by Sutherland (1988) and Clauss et al. (2001) , a subsample (volume of 132 approximately 100 ml) was immediately placed into a longish plastic bag (10 x 35 cm, 133 opening at the small end), and 1 l of warmed (37°C) buffer solution according to McDougall 134 (1948) was added, containing 9.80 g NaHCO 3 , 7.00 g Na 2 HPO·7H 2 O, 0.57 g KCl, 0.47 g 135 NaCl and 0.12 g MgSO 4 ·7H 2 O per l. The plastic bag was turned several times to achieve 136 complete mixing of contents, and then placed vertically into a water bath (37 °C) by securing 137 the top with a clothespin. After exactly two minutes, during which the particles of the RR 138 contents subsample could float or sediment according to their density, the two fractions were 139 separated by folding the bag in the middle across a stiff wire. The two resulting fractions7 (designated as floating -f, and sedimenting -s) were put into individual sample containers 141 and stored in a cooler at 4 °C until sieve analysis. 142
From the remaining RR contents, approximately 200 ml of rumen fluid were gained, by 143 gently squeezing the ingesta through four layers of cheesecloth and catching the extruded 144 fluid. This fluid was immediately centrifuged for 10 minutes at 3421 g (6000 rpm in the EBA 145 20 Tischzentrifuge, Hettich, Tuttlingen, Germany). The supernatant was sampled, carefully 146 avoiding contamination with any underlying layers of debris. Since, similar to findings by 147 Dardillat and Baumont (1992) , preliminary comparisons had shown no effect of freezing and 148 thawing on viscosity measurements in this fluid these samples were stored at -20°C until 149
analysis. Rumen fluid of cattle has been subjected to a variety of viscosity measurements for 150 comparative purposes, e.g. the comparison between diets or animals of varying susceptibility 151 to bloat (e.g. Dardillat Haan, Germany) using a column of seven sieves (square apertures of 4 mm, 2 mm, 1 mm, 0.5 164 mm, 0.25 mm, 0.125 mm, 0.063 mm); samples -either the complete sample from the 165 flotation experiment, or a single contents sample of app. 7-9 g (less for omasal contents) 8 were put on the column and sieved for 10 minutes at a water throughput of 2 litres per minute 167 and a constant vibration (oscillation 2 mm). The particles of each sieve were transferred onto 168 pre-weighed petri dishes, dried at 80 °C for a minimum of 24 hours, and weighed after 169 cooling to room temperature in an exsiccator. The water and particles passing the finest sieve 170 were lost. Results were expressed as cumulative proportions of the total weight of retained 171 particles (starting at the largest sieve, with 100 % of particles retained on the smallest sieve). 172
As in Hummel et al. (2008c) , the mean particle size (MPS, mm) of each sample was 173 calculated numerically after fitting a suitable function to the respective sample data using the 174 software TableCurve 2D v5.01 (Systat Software UK Ltd., London, UK). It should be noted 175 that the MPS is a parameter calculated on the basis of the linear dimensions of the sieve holes. 176
Rather than actually describing the mean particle size of the feces, it describes the average 177 sieve hole size through which the particles passed. 178
After thawing, the viscosity of the rumen fluid supernatant was measured at 37 °C using 16 179 ml in a Brookfield LVDVE230 viscosimeter (Serial Number E6536, Brookfield Engineering 180 Laboratories, Middleboro, MA, USA) with a UL/Y adapter and spindle (rotational system 181 with concentric cylinder as recommended by Lentle and Janssen, 2008) . With this system, the 182 shear rate is calculated as 1.29 x revolutions s -1 ; the producer recommends not to measure a 183 water-like substance at more than 1.29 s -1 . Preliminary investigations indicated that rumen 184 fluid was pseudoplastic or shear-thinning (cf. the decrease in apparent viscosity in roe deer 185 rumen fluid with increasing shear rate, Fig. 1 ). As the aim of this study was not to completely 186 characterise the viscosity of fluid (or RR contents) but generate comparative data for the two 187 species, it was decided to measure the apparent viscosity at the highest possible shear rate 188 with our system, i.e. 
Results

204
Qualitative observations: rumen mucosa 205
In the mouflon, there was a marked difference in papilla size between both the dorsal and 206 ventral rumen wall on the one, and the atrium on the other hand (Fig. 2a) . In contrast, such a 207 difference was less distinct in the roe deer ( Comparing between species, mouflon had significantly drier ingesta than roe deer for any 221 forestomach region (t-test, always p<0.001; Fig. 3 ). Within species, there were significant 222 differences between the forestomach regions (RM-ANOVA, p<0.001). The pair-wise post-223 hoc tests revealed the following results: Omasum contents were consistently drier than the 224 other ingesta in either species (always p<0.001). In mouflon, DM concentration decreased 225 from the dorsal to the ventral rumen (p=0.024) to the reticulum (dorsal rumen-reticulum: 226 p<0.001; ventral rumen-reticulum: p=0.012). In roe deer, DM concentration of dorsal and 227 ventral rumen was similar (p=0.156), but that of the reticulum was significantly lower 228 (p<0.001 for comparisons to both dorsal and ventral rumen). 229
230
Mean particle size 231
Comparing between species, the MPS of the ingesta of any forestomach region was always 232 higher in mouflon than in roe deer (U-test, always p<0.001; The results of our study allow further insight into the characteristics and potential drivers 264 of RR contents stratification in free-ranging ruminants. While some of our predictions were 265 confirmed by the results, others were not. In the following, we first discuss results with 266 relevance to the characteristics of the ingested forages, and then those with relevance to theconditions in the RR itself, trying to link our findings to generally accepted concepts of RR 268 function. 269
Some evident limitations to this study need to be stated first. The fact that shot animals 270 were used that could not be held in physiological (upright) position between death and 271 investigation (even if forestomachs were stored in upright position prior to dissection), will 272 make the results less reliable than those gained from living, fistulated animals. Although an 273 exchange of contents from the different forestomach areas subjectively appeared unlikely, due 274 to the high degree of fill (and the expected difference in moisture content of the reticulum and 275 the omasum as compared to the rumen areas), it cannot be excluded. Additionally, differences 276 in the time elapsed since the last foraging bout surely contributed to data scatter. Although 277 there was no systematic difference in the way the two species were handled, and the focus of 278 this study was comparative, the results need to be considered with caution. 
RR contents characteristics 305
The uniformity of measures performed on the ingesta contrasts with the notable differences 306 in the stratification of forestomach contents between the two investigated species. The evident 307 difference in the papillation pattern displayed in Fig. 2 already suggest that in roe deer, factors 308 limiting papillary growth, such as a dorsal gas dome or a ventral sludge layer, are less 309 pronounced than in mouflon. Although the absence of a dorsal gas dome could not be 310 demonstrated directly in the present study, this has been suggested in another browser, the 311 moose (Alces alces), based on an ultrasonographic investigation of a live specimen, and 312 which contrasted to the clearly visible gas domes found in domestic cattle (Tschuor and 313 . The absence of both, a distinct gas dome and a distinct sludge layer, could 314 theoretically be explained by a higher viscosity of both the rumen contents and the rumen 315 fluid in the browsing ruminants, which leaves both gas bubbles and fine, high-density 316 particles suspended in the fluid rather than allowing them to rise or sink within the RR. Even though, as discussed above, ingesta from both species separated according to particle 339 size due to its buoyancy characteristics in vitro, the situation in the densely packed suspension 340 of the RR is different (Lentle and Janssen, 2008) . Buoyancy and sedimentation will probably 341 occur at much slower rates in this medium. The higher viscosity of the roe deer RR fluid, and 342
the (yet to be quantified) potentially higher viscosity of the whole RR contents in this species, 343 will make particle separation additionally less expeditious, and complex particle aggregationstratification of rumen contents in terms of particle size distribution could not be 346 demonstrated in this study, neither in roe deer, nor in mouflon (Fig. 3) . Similarly, studies in 347 domestic cattle showed that -especially in RR that are packed with contents due to recent 348 forage ingestion -differences in the particle size pattern between the dorsal and the ventral 349 rumen may be difficult to demonstrate (Hummel et 
RR physiology 364
The most intriguing question about the physiology of the ruminant forestomach is how the 365 separation of large particles (that need to be ruminated) and small particles (that can be passed 366 on to the lower digestive tract) is achieved. The answer lies in the processes of flotation and 367 sedimentation (Lechner-Doll et al., 1991): from the reticulum, larger, floating particles are 368 rejected into the rumen, whereas the small, dense particles are passed on into the omasum; if 369 the motility of the reticulum is impaired, then larger than usual particles can also escape intothe reticulum as the main site of particle separation; accordingly, the DM concentration in the 372 reticulum is lower than in the rumen (Fig. 3) , as for this separation, a more fluid medium is 373 prerequisite. 374
This interpretation of the reticulum as the only site of particle separation appears to apply 375 directly to the roe deer of this study: in the roe deer, the main step of particle separation (size 376 reduction from 0.95 to 0.24 mm, i.e. 0.71 mm) in the forestomach occurs between the 377 reticulum and the omasum (Fig. 4) . In mouflon, however, particle size does not only decrease 378 drastically between the reticulum and the omasum (by 1.97 mm), but also already between the 379 ventral rumen and the reticulum (by 0.75 mm, Fig. 4 ; the difference between the ventral 380 rumen and the reticulum was not significant due to adjustment for multiple comparisons). In 381 cattle, finally, Hummel et al. (2008a) found a significant decrease in particle size already 382 between the dorsal and the ventral rumen, and between the ventral rumen and the reticulum as 383 well. These findings suggest that among ruminant species, there may be differences in the 384 extent to which not only the reticulum, but also the rumen itself is involved in the process of 385 particle separation. In the three examined species, only those that offer a low-viscosity rumen 386 fluid (mouflon, cattle) may achieve a particle size separation already in the rumen itself; note 387 that other factors than just fluid viscosity, such as the yet-to-be-described physical properties 388 of whole ingesta (Lentle and Janssen, 2008) will play the major role here. This could be a 389 reason for the claim of Hofmann (1989; note that this observation still has to be quantified) 390 that browsing ruminants have a comparatively larger reticulum. If, in grazers such as mouflon 391 or cattle, there is a higher degree of 'pre-sorting' of the ingesta entering the reticulum, this 392 organ might not need to be of the same size as in browsers. However, until more ruminant 393 species are investigated, we cannot rule out that the 'pre-sorting' effect of the rumen is mainly 394 a question of organ size and, hence, body mass of the species, as the roe deer is the smallest of 395 the three mentioned species. Model calculations will have to elucidate the benefit of a more 
